Introduction
A multitude of factors, including developmental, environmental, and genetic, influence the physical growth and maturity of the different organs of children. The complex combination and interaction of these factors results in variations in growth between children of the same age and leads to discrepancies between a child's chronological age (CA) and actual developmental age (1) . Diagnostic capability and appropriately to time orthodontic intervention can be improved if the actual maturity age can be reliably estimated. This gap drives the need to devise a reliable maturity age index.
A number of indices have indeed been introduced, which address the secondary sex characteristics, skeletal maturity, and dental development. Having reliable estimates of dental age (DA) and development has applications in formulating orthodontic treatment plans as well as contributing to forensic anthropology and European Journal of Orthodontics, 2018, 74-81 doi:10.1093/ejo/cjx031 Advance Access publication 2 May 2017 being useful to estimate the age of skeletal remains. Furthermore, DA can be used to estimate the age of children who lack a birth record (2) (3) (4) . Originally, DA estimation was based on evaluating dental eruption (5, 6) ; however, this is not a reliable method as teeth eruption is influenced by dental crowding, premature or delayed loss of primary teeth, impacted teeth, syndromes, and tumors (7) . Furthermore, this method of estimating DA depends on active dental eruption (8) . Dental mineralization is an alternative, more accurate method of determining DA (9) .
Among the various methods devised to determine DA, Demirjian et al. (8) is prevalent in the literature. Published in 1973, this method was created using dental panoramic tomographs (DPTs) collected from French/Canadian children to evaluate the development of the seven left permanent mandibular teeth (excluding third molars). The method involves matching each tooth to one of the eight developmental stages, each of which is designated with a score. The DA is calculated by taking the sum of the developmental stage scores of the seven teeth of interest and plotting it against conversion tables or growth charts devised by Demirjian et al. (8) . Although this method has the advantage of being simple, it is vulnerable to overestimating DA in other populations (10) (11) (12) (13) (14) . A modified method is offered by Willems et al. (11) , which used a Belgian sample to adapt the score tables; this alternative method has demonstrated superior-DA estimating capability (2, (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) .
The most common congenital defect of the head and neck is cleft lip and/or cleft palate (CL/P), which may be either unilateral or bilateral (18) (19) (20) ; incidence rates vary widely between different countries, ethnicities, and races. In Asian and Native American populations, CL/P occurs in approximately 1 in 500 births, making it twice as common as its incidence in most European countries (1 in 1000) and five times more common than in African populations (1 in 2500) (21, 22) . Interestingly, Hagberg et al. (23) found Sweden's CL/P incidence to be similar to Asia's (1 in 500 births) and for it to be more prevalent in males than females. Studies of children with CL/P indicate they are more vulnerable to dental abnormalities compared to children without the cleft defect (24, 25) . The extent of dental abnormality correlates with the severity of the cleft and in unilateral cleft defects; dental abnormality is more common in the cleft side. Tooth agenesis, enamel hypoplasia, abnormal tooth formation, irregular size, and eruption are abnormalities frequently present in CL/P (24) . The formation of permanent teeth in both jaws is delayed in children with CL/P compared to those without CL/P (24) (25) (26) (27) (28) .
To the best of our knowledge, as yet there is no study that uses a control and CL/P group to compare the effectiveness of the Demirjian and Willems methods. This study has been devised to determine and compare the difference between DA and CA of Demirjian and Willems methods in 9-to 11-year-old Caucasian boys and girls born with non-syndromic unilateral cleft lip and palate (NSUCLP) and an age-matched control group. The results are analysed to determine whether there are differences between gender, groups, and methods. We hypothesized that there are no differences in DA estimation when using Demirjian and Willems techniques between children born with or without NSUCLP.
Materials and methods
The Ethical Board of Stockholm approved this study ( (Table 1) . DPTs from 77 patients were in an analogue form, which were digitized by an Epson Perfection™ V750-M Pro scanner at 600 dpi resolution.
To minimize bias, each child's gender, date of birth, and date of radiograph were masked to examiners and each child was denoted by a number. Each DPT was edited to show only the lower left teeth (excluding third molars).
Each DPT was visually examined by both authors in accordance with Demirjian's and Willems' methods. Calibration was performed using 25 X-rays randomly selected by 'Pick Me!' (by Donation Coder forum, 2009), a free-random selection program. Following an 8-week wash-out period, a further 40 randomly selected X-rays were used to perform a second calibration. As there was consensus between the calibrations and discrepancies had been eliminated, another 6-week wash-out period passed before all the subjects were evaluated over the subsequent 6-8 weeks.
To estimate CA, the date of birth was subtracted from the date of the X-ray. To simplify calculating DA, the CA was converted to decimals using a free tool for age calculation (29) . The DA scores derived from the Demirjian and Willems methods were calculated, and then subtracted from the converted CA.
Statistics
This is a retrospective cross-sectional study. Significance level was set to P = 0.05 and all data were analyzed with SPSS software (version 22.0, SPSS Inc., Chicago, Illinois, USA). Inter-examiner reliability was measured using intraclass correlation (ICC) test, a two-way random single measurement (absolute agreement). The reliability between the DA methods and the CA was assessed using the Pearson correlation test. Mean DA/CA difference and standard deviation were calculated as well as the percentage of estimations equal or less than 1 year. A two-way repeated-measurement ANOVA was performed to evaluate the DA/CA differences depending on the DA method used, groups, and gender.
Checking model assumptions
Our sample fulfilled the normal distribution and the equality of variance requirements for the ANOVA test. There was one single observation deviated from the other measurements that was included in the final analysis. To study the effect of this outlier on the results, a repeated analysis excluding this measurement showed no difference in our results. Hence, the observation could not be held to influence the results of the ANOVA analysis. Moreover, Cook's distance measurement showed that the highest observed value was not above 0.08, which means that it has no influence over the model (score above 1.0 means a large influence on the results). Levene's test was also used to test equality of variance. The P-value of Demirjian and Willems DA differences were 0.48 and 0.35, respectively (P > 0.05). So, we cannot assume that there is a violation of variance equality.
Results

Reliability
The agreement between raters was good, ICC ≈ 0.75 ( Figure 1 ) (30). Moreover, the correlation coefficient between DA methods used in both raters was high (r = 0.90). Because of the good inter-examiner reliability, only one author's (AN) measurements were used to calculate the results.
DA methods compared to groups
As the descriptive statistics for both methods presented in Table 2 indicate, the mean DA/CA difference is greater in the control group than in the NSUCLP group. Demirjian's mean difference score for the control group was 1.08 ± 0.84 years compared to 0.83 ± 0.73 for the NSUCLP group; Willems' mean DA/CA difference scores for the control and NSUCLP groups were 0.46 ± 0.83 years and 0.22 ± 0.68 years, respectively ( Figure 2 ). The test of within-subjects effects, i.e. within the same method, showed no interaction between DA methods and groups;
however, there was a statistical difference between groups and DA methods in the between-subjects effects test (P = 0.011) ( Table 3) .
DA methods compared to gender
In the Demirjian method, girls in both groups demonstrated greater dental development than the boys; yet this difference was not statistically significant (Table 2) . On the other hand, a statistical difference was detected between genders with Willems method. This suggested that the boys' dental development was more advanced than the girls (Figure 3 ). The statistically significant interaction between gender and DA methods (P = 0.000) was analysed by pairwise comparisons. First, gender was compared within the two DA methods; in a model adjusting for group, the Demirjian method showed no difference between boys and girls (P = 0.626). Yet, the Willems method showed a statistically significant difference between boys and girls, adjusting for group (P = 0.005). The DA of the girls averaged 0.29 years younger than the boys (Table 4) . Second, when comparing DA methods within gender, we found that there was a statistically significant effect of DA methods both within females and males. The Demirjian method overestimated age more than the Willems method for gender groups (P = 0.000). However, the estimated effect is higher in the female group (0.81 years) than the male group (0.46 years) ( Table 5 ).
DA methods compared to the CA
Both methods overestimated the difference between DA and CA. The percentage of children that were estimated equal or less than 1 year from their CA was higher in Willems method compared to Demirjian's in the two groups and subgroup categories ( Table 2 ). The correlation of Demirjian's DA/CA difference was weak (r = 0.372) and comparable to the Willems method (Figure 4) . A statistical difference was observed between DA deviating from CA, depending on which method is used (P = 0.000) ( Table 5 ). Figure 5 shows the distribution of Demirjian and Willems DA estimation to the CA.
Discussion
The aim of this study was to determine and compare the Demirjian and Willems DA/CA difference in children with NSUCLP and a control group. The study also used the data to explore differences between the methods, gender, and groups. The NSCULP group had a larger population of boys than girls and the cleft defect was Table 3 . Effects of within-subjects tests and between-subjects tests for methods, gender, and groups (NSUCLP and control groups). The model was tested for interaction between gender and cleft group, but since this effect was not significant this interaction was excluded from the model. P = 0.05 predominantly left sided. This cohort is representative of the natural distribution of this congenital defect in Sweden (23, 39) . While not intentional, the inter-examiner reliability was found to be good and this too was in accordance with previous results (13, 14, 31, 32) . Demirjian et al. (8) devised their method based on their study of French/Canadian children. Yet the method inconsistently overestimates DA when it is applied to children of other ethnicities (10) (11) (12) (13) (14) . A number of possible explanations may account for this methodological weakness. First, growth patterns vary with ethnicity, limiting the validity of the method for different ethnic groups (33) . Second, the individual plots and tables used to compile the original linear regression graphs were combined and manually smoothed, resulting in an inherent weakness in the graph (34) . Erroneous application of the method, inappropriate statistical methodology, and small sample size may also contribute to the overestimation effect (35) .
To the best of our knowledge, this is the first study in which Demirjian and Willems methods for calculating DA in CL/P children have been directly compared. The literature indicates that compared to people without the defect, the development of maxillary and mandibular teeth is often delayed in patients with CL/P (24, 25, 28, 36) . There is a correlation between the extent of the delay with the severity and type of cleft; where the cleft occurs only in the lip, the delay is less than when the palate is involved (37, 38) . The reasons for delayed development have yet to be elucidated; however, it is possible that it could be attributed to the genetic predisposition of the cleft. The DA for both groups was overestimated by the methods used in this study. According to the Demirjian method, the DA for NSUCLP group was 0.83 ± 0.73 years, whereas the control group was 1.08 years ± 0.84, making the average difference between the groups 0.25 years. Delayed DA phenomenon of CL/P patients has been observed to varying degree by diverse studies. A delay of 0. The difference of NSUCLP and control groups DA/CA difference by using the Willems method was 0.27 years, which is comparable to that found by the Demirjian method; however the Willems method was more accurate in its DA estimations than the Demirjian method (0.22 ± 0.68 years for NSUCLP and 0.47 ± 0.83 years for the control group). The literature has failed to yield a study to compare these results for the Willems method for children with NSUCLP, but the superior accuracy of this method over Demirjians or other techniques is recognized in the literature (2, (15) (16) (17) . The positive secular trend has been proposed in literature to explain the overestimation of older DA methods, yet in counter of this argument, there is a lack of evidence to support a secular trend on the duration and timing of tooth formation (3) . Whatever the reason for delayed DA, the Willems method predicts DA and relates CA more accurately in the NSUCLP children than in the control group. The implication is that the Willems method can be used to estimate the DA of Caucasian children with NSUCLP with reasonable accuracy.
Both methods showed weakness in estimating the correlation between CA and DA. This reflects the findings of Hägg and Matsson's study, which showed the Pearson correlation between the two variables to be weak, r = 0.3-0.6 in children aged between 6.5 and 12.5 years (42) . Our observation agrees with that of Huyskens et al. (43) , in which the higher the CA of a child, there was greater variability arising from the Willems and Demirjian methods incorrectly estimating ages. The rationale for this finding can be explained by younger patients having more teeth in development, giving more points to estimate DA; this advantage flattens in children aged more than 10 years, indicating that DA estimation will be most accurate in children below this age.
Compared to pre-adolescent (8-13 years) boys, girls' somatic growth and dental development is more advanced (44) . The same pattern is also present in estimated DA, with girls being more advanced than boys, except for their third molars, which develop later than in boys (45) . The Demirjian method does not always reflect this and the literature presents contradictory findings for gender differences. Various researchers have found Demirjian's method overestimates more for girls than boys (11, 14, 16, 31) , while others have not (2, 46) . Using the Demirjian method in this study, we found girls to be more advanced than boys, but this finding was not statistically significant. The opposite trend was observed using the Willems method, which extended to within group gender evaluations, with boys advancing before girls.
The prime limitation of this study was the unbalanced distribution of gender among the two groups. Regardless that NSUCLP and healthy children were consecutively selected, this reflects Sweden's real distribution pattern of this birth defect (23) . For this reason, we adjusted for the effect of gender on the outcome (Table 3) . A further limitation of the study is that the sample was restricted to children aged approximately 9-11 years; however, this corresponds to the age at which most Swedish children with CLP have panoramic radiographs taken in preparation for bone grafting procedures. Future work could explore other age groups to collect broader data from younger and older patients. Lebbe et al. (47) found that there is a greater delay in dental development in patients with tooth agenesis compared to those without agenesis and that there was a positive correlation between the length of the delay and the number of teeth congenitally absent. As such, another strand of future work could investigate dental development in NSUCLP children with agenesis and compare against NSUCLP children without agenesis.
Conclusion
The null hypothesis was rejected. Willems' method as compared to Demirjian's displayed greater accuracy in estimating CA. Both methods overestimated CA but detected DA delay in NSUCLP children compared to the control group. However, the methods were inconsistent in estimating CA within gender.
